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This paper describes an investigation, undertaken at the University of Queensland, into the effect
of different ultrasonic frequencies in utherapeutic" dosages on experimental oedema in rats, by
means of due leakage estimation. Results indicate that ultra-sound is effective in limiting oedema, but
further investigation is required to ascertain the means by which this is brought about.
Clinical experience in the treatment of
recent soft-tissue lesions has convinced many
physiotherapists that ultrasound applied in low
dosage can be an effective means of treating
localised oedema. Patrick (1973), in an evalu-
ation of the efficacy of ultrasound, stated that
experience at the Birmingham General Hospital
in Englad had not shown "any other form of
treatment that can effect a resolution of the
post-traumatic inflammatory state as quickly
and painlessly as ultrasonic therapy."
Experimental proof of this contention and
investigation of the dosage likely to be most
effective has been lacking, and was a reason for
the commencement of this study. Another
factor was the need to assess experimentally,
the treatment-effectiveness of different frequen-
cies of ultrasound. When ultrasonic instruments
with exchangeable soundheads and frequencies
became widely obtainable in theI970's, the
indications for their clinical use were postulated
on theoretical and empirical grounds. Thus it
has been considered that frequencies such as
3MHz1 may be most effective in the treatment
of superficial lesions, whereas a lower frequency
may be better for deeper-seated tissues. At
I MHz for example, the longer half-value dis-
tance in most cases obviates the need to apply
an increased surface dose in order to reach the
deeper structures in adequate amount.
APPARATUS
The first step in this study was to investi-
gate whether an effect on oedema could be
demonstrated experimentally from the appli-
cation of ultrasound. A Rank Multiphon instru-
ment was used, which allowed some concurrent
assessment of possible frequency dependence.
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Output and frequency of the instrument were
checked.
In the Department of Physiology at the Uni-
versity of Queensland, research has been
proceeding into the chemical mediators of the
inflammatory response, and Dr. Loris Chahl of
that department most kindly agreed to collab-
orate in the ultrasonic study. The method in
use there of obtainining a quantifiable estimate
of oedema, evidenced by the leakage of an
albium-binding dye into the tissues, was felt
to be appropriate to the ultrasound mvesti-
gation, and overcame the difficulty of volu-
metric measurement.
METHOD
Rats, weighing between 100-150 grams, were
anaesthetised with ether, the abdominal skin
shaved with animal clippers in preparation for
the experiment, and the albumin-binding dye,
Evans blue, in a dose of 2.5 rol/kg of a 2%
solution, was injected into a tail vein as des-
cribed by Arvier, Chahl and Ladd. In each set,
two similar intra-cutaneous injections of O.05ml
of silver nitrate (4 x 10-2 major) were given as
an irritant, one each side of the abdomen mid-
way between the ribcage and the pubis, and
equidistant from the midline. The same amount
(0.05 ml) of deionised water was given in the
midline either proximally or distally, as control
on the vehicle of administration. hnmediately
after the silver nitrate injections, one of the
sites was insonated and the other mock-inson-
ated with an identical technique but zero inten-
sity. Olive oil was used as the couplant and
accuracy of sound-head movement over the
lesion was obtained by guiding marks previously
made on the skin. The rat was then allowed to
recover consciousness. Thirty minutes after
these injections the rate was killed and the areas
of blued skin, together with a control, were
removed to reagent bottles containing 3m of
0.5% sodium sulphate and 7 ml of acetone.
When the dye had been extracted by the re-
agents after 24 hours at room temperature, the
pieces of skin were discarded and the liquid
centrifuged. The amount of due was then
measured spectrophotometrically and results
Footnote: 1. These frequencies are nominaL Actual =
2.9MHz and O.79MHz..
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expressed as absorbances. Quantitative com-
parison of the oedema at insonated and mock-
insonated sites then became possible.
In the first series of experiments a trans-
ducer of 3MHz1 was chosen as the sliver nitrate
lesions were superficial, and in the second and
third series transducers of 1 .5MHz and 0.75MH21
were used. Intensity was O.5w/cm2 throughout.
This was set under water on the instrument's
meter using continuous wattage before switch-
ing to pulsed output, with which the treatments
were given. The instrument was then switched
off at the timer, leaving it ready for experi-
mental use by reactivating the timer. Both
mark: space ratios (1:4 and 1: 1) were used in
different groups of animals at each frequency
and duration tested. For each of the three
frequencies and the two mark:space rations,
treatment durations of 2, 3, 4 and 5 minutes
were used in successive groups of animals.
RESULTS AND DISCUSSION
The results obtained are shown in Table 1.
Table lA shows the results obtained with a
frequency of 3MHz1 , an intensity of O.Sw/cm2
at each of the two mark:space ratios, and for
the varying durations used. Values shown are
mean absorbances ± standard errors of the
means, after subtraction of the deionised water
value. There were no significant differences
between the insonated and mock-insonated
results, using this frequency.
When a frequency of 1.5MHz was used with
the same intensity, mark:space rations and
durations, there were still no significant differ-
ences between insonated and mock-insonated
values (Table IB).
With a frequency of 0.75 MHz I (Table I C),
however, there were statistically significant
reductions in oedema at 2 minutes and 4 min-
utes with both mark:space ratios. These results
were unexpected and the apparent time related
specificity at the O.75MHz 1 was also surprising.
Additional work will be necessary to determine
the reiativeimportance of variations in duration,
frequency and intensity of ultrasound to its
effectiveness.
These results show that ultrasound is capable
of limiting the development of oedema, although
they do not indicate anything about the effect
of ultrasound on its resolution. Further experi-
ments will be needed to investigate the means
by which this a1teration in tissue response is
brought about. Finally, it seems possible that
the optimum response to clinical treatment of
soft-tissue lesions with ultrasound may be
dependent on a number of specific variables in
the choice of dose or exposure.
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TABLE 1: EFFECT OF ULTRASOUND AT INTENSITY 0.5 W/CM2 ON OEDEMA INDUCED BY SILVER
NITRATE IN RATS
DURATION (MIN) 2 3 4 5
MARK:SPACE RATIO 1:4 1:1 1:4 1:1 1:4 1:1 1:4 1:1
A. 3MHZ 1 CONTROL (a) 0.163 0.120 0.230 0.157 0.124 O.057t 0.120 0.135
±O..O13 ±O.131 ±O.O28 ±O.O24 ±0.022 ±O.O28 ±O.O31 ±Q.026
(10) (5) (5) (5) (5) (5) (5) (5)
TREATED (b) 0.172 0.121 0.184 0.151 0.108 O.057t 0.144 0.151
±0.O24 ±O.O36 ±O.OI5 ±O.O28 ±0.O22 ±0.OO9 ±O..O20 ±0.OI9
(10) (5) (5) (5) (5) (5) (5) (5)
B. 1.5MHZ CONTROL (a) 0.206 0.099 0.145 0.159 0.204 0.136 0.098 0.186
±O.O22 ±O.O11 ±O.020 ±O"OI9 ±O.032 ±O.OI8 ±o.024 ±0.027
(5) (5) (5) (5) (5) (5) (5) (5)
TREATED (b) 0.181 0.119 0.149 0.127 0.174 0.144 0.097 0.191
±O.O25 ±O..O15 ±O.121 ±O.O28 ±O.OlO ±O.O22 ±Q.026 ±Q.021
(5) (5) (5) (5) (5) (5) (5) (5)
c. O.75MHZ 1 CONTROL (a) 0.191 0.201 0.252 0.189 0.256 0.175 0.223 0.208
±O.O20 ±0.030 ±0.O54 ±O..O34 ±O.O32 ±0.OO9 ±O.O35 ±0.O28
(19) (5) (10) (9) (S) (5) (5) (5)
TREATED (b) 0.142*** 0..154* 0.191 0.165 0.183* 0.149** 0.165 0.162
±O.O15 ±O.O22 ±O.O43 ±O.O18 ±O.O13 ±O.OI0 ±O.O17 ±O..Q26
(19) (5) (10) (9) (5) (5) (5) (5)
(a) Values shown are mean absorbances ± standard errors obtained from mock insonated skin sites.
(b) Values shown are mean absol'bances ± standard errors obtained from insonated skin sites.
In both (a) and (b) values for the deionised water injection were lust subtracted.
Asterisks indicate significant levels obtained by paired t-tests between control and treated values.
* 0.05 >P >0.01; ** 0.01 >P >0.001; *** P >0.001.
t These values were low because silver nitrate 2 x 10-2 molar solution was used.
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